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Abstract— A new high performance second-generation CMOS
current conveyor architecture is presented. It is built using a
differential flipped voltage follower as its input buffer stage and
a cascode current mirror as output stage. It is characterized by
very low output impedance. It provides gain independent high
bandwidth when used to implement a programmable gain
voltage amplifier. Simulation and experimental results in AMI
0.5pm CMOS technology are provided to validate the
characteristics of the design.
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I. INTRODUCTION

Current mode signal processing is suitable for the
implementation of low voltage, low power, and high
bandwidth analog circuits [1]. The second generation current
conveyor (CCII) is used as a basic building block in many
current mode analog circuits. It is a three-terminal (X, Y and
Z) device as shown in the Fig. 1. It consists of a voltage buffer
having input terminal Y and output terminal X, and a current
mirror that copies the buffer’s output current and conveys it to
the high-impedance output terminal Z [2].

The performance of the CCII is strongly dependent on the
characteristics of the voltage buffer and the current transfer
accuracy between the X and Z terminals [2]. An ideal CCII
has the following characteristics:

e Infinite input impedance at terminal Y (Ry = oo and
IY = 0)

e  Zero input impedance at terminal X (Rx = 0)

e Accurate voltage copy from terminal Y to X (Vx =
Vy)

e Accurate current copy from terminal X to Z with
infinite output impedance at Z (Iz = Ix and Rz = )

One important shortcoming of CMOS CCII’s with a one
stage buffer reported in literature [3] is that their input
impedance Ry is relatively high (Rx = 1/g,,~ kQ). This can
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Fig. 1 Simplified Diagram of CCII

introduce significant errors in CCII based circuits (like
amplifiers) since the external resistance R connected to
terminal X must satisfy the condition R >> Ry. This paper
presents a new CCII architecture that provides very low input
impedance at terminal X (in the range of few tens of Q) with a
one stage buffer. It also provides very high output impedance
at terminal Z (in the range of M Q) and accurate current copy
from terminal X to Z.

II. PROPOSED SECOND-GENERATION CMOS CURRENT
CONVEYOR

A. Differential Flipped Voltage Follower
The proposed CCII is based on a circuit denoted differential
flipped voltage follower (DFVF). Fig. 2(a) shows the circuit
of the DFVF proposed in [4], [5]. It is characterized by very
low output impedance, wide signal range and higher gain
accuracy. The DFVF output impedance at node X is given by,
R ’

= M

«( )

which is in the range of few tens of ohms in CMOS
technology, (g, is the small signal transconductance and r, is
the output impedance of the transistors) while the output
impedance of the conventional voltage follower (CVF) (Fig.
2(b)) is Rx.cvr = 1/gm which is relatively high (few kQ).
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Fig. 2 (a) Differential Flipped Voltage Follower, (b) Conventional Voltage
Follower

B. CCII based on DFVF

Fig. 3 shows the proposed CMOS CCII circuit. It uses the
DFVF as its input buffer stage as it provides much lower
output impedance compared to a CVF and an accurate voltage
copy from terminal Y to X is obtained (as discussed in section
ITA). A cascode current mirror is used as the output stage to
ensure accurate current copy from terminal X to Z. For this
reason the DFVF is more appropriate than the CVF for the
implementation of CCII’s. Some authors use a two stage op-
amp to achieve low output impedance but this approach is less
power efficient and requires Miller compensation [3], [6].

C. CCII Performance Characteristics

Straightforward AC analysis is used to derive the following
characteristics of the circuit in Fig. 3.

1) Output Impedance: The output impedance at node Z is
very large and it is given by,

R

IR

2
2) Input Impedance at node X: The input impedance at

node X is very low due the DFVF implementation of the
buffer and it is given by,

3)

3) Gain: The open loop voltage gain from terminal Y to Z
is very high and it is given by,

“)

4) Bandwidth: The pole at terminal Z acts like the
dominant low frequency pole due the large impedance at Z
and assuming the bandwidth of the input buffer is high, then
the bandwidth is given by,

f =—

)

Fig. 3 Second Generation Current Conveyor

where Cy is the capacitance at the node Z.

5) Slew Rate: The CCII has a class-A topology and
therefore exhibits slew-rate limitation in negative direction.
The negative slew rate is given by,

SR =— (6)

where I is the bias current and Cy is the load capacitance. It is
possible to modify the DFVF and output stage for class AB
operation of the current conveyor of Fig. 3 using quasi
floating gate techniques as reported in [4] and [8].

6) Input/output Range: The input voltage swing is given by,

Vv =V =2V 4V @)
VvV =V +3V +V ®)
The output voltage swing is given by,
Vv =V =2V ©)
VvV =V 43V +V (10)

III. APPLICATION: PROGRAMMABLE GAIN VOLTAGE
AMPLIFIER

Fig. 4 shows the implementation of a constant bandwidth
programmable gain voltage amplifier based on a CCII in feed
forward approach. It consists of a resistor R; connected at the
low impedance terminal X and a resistor R, connected at the
high impedance terminal Z. The main advantage of this circuit
is that if the gain is varied with R; by keeping R, constant,
then gain and bandwidth of the resulting amplifier are
independent of each other because of the absence of feedback.

A. Gain:
The voltage gain at DC of the amplifier is given by,

A=—=— (11)



Fig. 4 Programmable Gain Voltage Amplifier using CCII

The input Vj, can also be applied to R; with terminal Y
grounded which results in an inverting amplifier whose gain is
—R,/R;. This does not require common mode input signal
swing at terminals X and Y.

B. Bandwidth:

If the bandwidth of the input buffer is high, then the
bandwidth of the voltage amplifier is determined by the pole
at the output node Z and given by,

f = =

C 1 (12)
From the above equation, it can be seen that the bandwidth
depends on the load resistance R, and thus, constant
bandwidth can be obtained for different voltage gains by
keeping R, constant and varying R;. Therefore, the CCII
circuit shows no gain-bandwidth trade-off.

A well known technique to enhance bandwidth consists of
introducing a zero that cancels the output pole. This can be
done easily in the circuit of Fig. 4 by connecting a capacitor
with value C; = C/A in parallel with R, [7].

IV. SIMULATION AND EXPERIMENTAL RESULTS

To validate the proposed new CMOS CCII design, the
circuits in Fig. 2(a), 2(b) and 3 were designed and fabricated
in AMI 0.5um CMOS technology provided by MOSIS. The
micrographic view of the fabricated test chip prototype is
shown in Fig. 5.

A. Design Parameters

The circuits were designed for supply voltages Vpp=2.5V,
Vss=-2.5V, bias current Ig= 100 pA and a load capacitance
CL = 130 pF (breadboard, scope and probes) at node Z. The
transistor sizes (in micrometers), NMOS: (W/L), = 50/1.2,
PMOS: (W/L), = 100/1.2, were designed for Vgs-Vipn ~ 0.2V
in order to obtain high input/output voltage swing. The
voltage applied to NMOS and PMOS transistor cascodes are
Ve =-1.1 V and V,= 0.9 V respectively. The value of the
compensation capacitor used is Cc = 7 pF and the
compensation resistor is Rc =4 kQ.

B. DFVF and CVF Output Impedance Ry

The simulated output impedance Rx of DFVF and CVF
obtained by applying a 1A AC current source to the output
terminal with input terminal grounded is shown in Fig. 6. The

Fig. 5 Micrographic view of the fabricated chip

output voltage in this case directly corresponds to the output
impedance. It can be seen that the DFVF provides very small
output impedance of 14.54 Q compared to the CVF whose
output impedance is 1.08 kQ. Experimentally, the output
impedance was measured by placing a load resistance Ry at
the output. The output voltages with the load (V1) and without
the load (V) are measured and the output impedance is
calculated using the voltage divider equation given by Ry, =
(V/VL - DRL. The experimental results obtained are shown in
Fig. 7. As expected, the output impedance of DFVF is 31.52
Q while that of CVF is 1.15 kQ.
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Fig. 6 Simulated output impedance Rx of DFVF and CVF

2000
1800
b
1600 Il
& Rout = 1.15KQ f
= 1400 J / !‘
fo
§ 1200 —_ | ‘1
ilOOO N
§ 800 ! \.I 'II —=—DA
| —+—DFVF
§ = /N
400 Rout=31520
200
ot s proacogeon ¥
0.001 001 01 1 10 100 1000
Frequency (KHz)

Fig. 7 Experimental output impedance of Rx of DFVF and CVF
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Fig. 8 Simulated AC response of CCII in inverting configuration

C. AC Response of CCII as Programmable Gain Voltage

Amplifier

The simulated AC response of the voltage amplifier (Fig. 4)
in inverting configuration with R, (20 kQ) constant and for R,
taking values of 10 kQ, 4 kQ and 2 kQ is shown in Fig. 8. It
can be seen that the gain varies with R; and the bandwidth,
61.66 kHz, remains constant independent of the gain. The AC
response obtained experimentally is shown in Fig. 9. As
expected, a constant bandwidth of 60 kHz is observed for all
the three cases.

V. CONCLUSIONS

A new high performance CMOS CClII, built using DFVF as
its input buffer stage, was introduced. It is characterized by
very low input impedance and high output impedance. It
provided gain independent constant bandwidth when used to
implement a programmable gain voltage amplifier. Simulation
and experimental results from a test chip prototype are
provided to validate the design characteristics.
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Fig. 9 Experimental AC response of CCII in inverting configuration
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